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Fibre qualitiesand pulp and paper makingpropertiesof certainforest weed species viz
Clynogynaedichotoma,Alpineaallughasandcertainagrowastematerialsuchas Hibiscus
esculentus and Hibiscus sabdariffa available in NE region have been investigated.
Morphologicalcharacteristicsandproximatechemicalconstituentsof theplantsshowtheir
suitabilityfor makingsuitablegradesof paper of higherphysicalstrengthproperties.The
heightsof all theplantsweremeasuredatharvesting.Theheightrecordedfor Clynogynae
dichotomaand Alpineaallughaswere315cmand 270em.withstemdiameter3.5cmand
2.87cmrespectively.TheheightandstemdiameterrecordedforH. esculentuswere250cm
and3.5cmandfor H. sabdariffawere275cmand 1.8cm. Theimportantplantconstituents
like cellulosecontentswerevariedfrom51.5-62.0%,lignin 13.5-20.2%&pentosan 15.3-
17.6%. Thepulpingof theplantmaterialswereconductedatastainlesssteelrotarydigestor
using 8 - 12 % cookingchemicalsat 135t5°Cmaintainingbathratioat 1:6. A series of
experimentswereconductedtooptimizethecookingchemicalstogetoptimumpulpyield.
Theunbleachedandbleachedpulpyieldweredeterminedandfound48.3-54.8%and39.4-
43.8%respectivelyin all thefourspecies. Thepaperpropertiesmadeoutof theseplants
showedhigherphysicalstrengthpropertieswithtensileindexvaluevariedfrom39.8-48.7N/
mg,burstindex3.35-4.2Kpam2/g,tearindex6.4-8.8mNm2/gand doublefoldno. 120+to
250+.Hence, these wasteplantmaterialsmay be an alternativesource of fibre for pulp
paperandpaperboardindustry.
Introduction:
In recentyears,due to therapidgrowthof populationand industry,theforestareasof our countryare
graduallydiminishingandalso atthesametimethesupplyof plantmaterialsfromtheforesttothe industry
isdecreasingatanalarmingrateresultingina hugeshortageof rawmaterialsforvariousforestsandcellulosic
basedindustries1.Therefore,inrecentyearsmuchattentionhasbeengivenonutilizationof alternatefibrous







qualityfibres. Hibiscusesculentus(Bhindiplant),and Hibiscus sabdariffq.(Tengamoraplant),are widely
cultivatedinthisregionforvegetablesandfruits.These agriculturalcropsareseasonalandafterharvesting
thecrops,thewhole plantremainswastein thefield.Studiesin respectof bio-massproductionof certain
cultivatedspeciesofnon-woodyplantshavebeenstudiedearlieratNEIST, Jorhat6.Consideringtheavailability
andhighqualityfibrebearingpropertiesof suchbiowastematerials,an investigationwas carriedout inthe
laboratoryto studythe fibrecharacteristicsand pulpand papermakingpropertiesof these plants in the
laboratoryscaleandtheresultsof the investigationare Rresentedin thiscommunication.
- 116 -
Jtili::ationofcertainforestweedandagro-wastematerialsfor pulpandpapermaking P¥Je.tech India2008
Materials and Methods:
Materials:
For the presentstudy,twoforestweedspeciesviz. Clynogynaedichotoma,Alpineaallughas,andtwo
cultivatedplantsviz. Hibiscusesculentusand Hibiscussabdariffawereselected.Maturedplantsof all the
fourspecieswerecollectedfromdifferentplacesnearbyJorhat (26.47°Nlatitude,94.12°E longitudeand
87mabovethesea level),Assam, Ipdia.The plantsmaterialswerefirstcleanedbywashingwithfreshwater




The morphologicalcharactersof theplantssuchas plantheight,diameter,weightetc.weredetermined
in thefieldas wellas in laboratory.The morphologicalcharactersof theplantsare presentedinTable1.
Table1: Morphological characters of the plants
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Particulars Plantmaterial
Clynogynae Alpinea Hibiscus Hibiscus
dichotoma allughas esculentus sabdariffa.
Heightof theplant(Avg),cm 315 270 250 275
Diameterof the plant(Avg), 3.5 2.87 3.5 1.8
cm
Length of the Pseudostem 3.15 2.70 2.30 3.20
(m)
,
No.of leaves 10-12 5-8 10-15 . Numerous
No.of sheath - 12 - -
DiameteroftheCore,(cm) 1.5 - 1.45 0.98
Moisturecontent.Av %
Bark 72.5 - 74.8 75.8
Wood - - 73.9 74.2
Sheath 83 - - -
Pith/ Core 70.2 84.3 74.6 74.6
Wholeplant 70.5 82.0 75.0 75.0
Wood: Bark - - 76: 24 78: 22
Barkthickness 0.68 - 0.85 0.72
Specificgravity - -
Bark 0.31 0.26 0.25 0.30
Core 0.34 0.28 0.29 0.34
Averageplantconstituents
(onOD basis)
Sheath - 45 - -
Central 79.5 45 - 10
Core/Pith
Leaves& twigs 20.5 10 20 25
Bark - - 20 15
Wood - - 60 50
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Proximate Chemical Analyses
Theproximatechemicalanalysesof theplantmaterialswerecarriedoutas perTAPPI Standardmethods?
The plantswereconvertedtochips of 2 mmsize andthenovendried.The chipswerethenpowderedina
Wiley mill.The materialsthatpass throughthe40 BS and retainedon 60 BS meshwere consideredfor
proximatechemicalanalysis.The resultsof theproximatechemicalconstituentsof the plantsaregivenin
Table2. .
Pulping and Bleaching:
For preparationof pulp, plantmaterialswere convertedto-chips of 3 cm size and digestedby kraft
pulping.Thepulpingwascarriedoutinanelectricallyheatedrotarystainlesssteeldigesterhavingtemperature
controldevice.The chips (1000g)werechargedin to the digesterin each batchwithrequiredamountof
chemicalmaintainingbathratiofixedat 1:4.The cookingwas conductedbyvaryingchemicalconcentration
from10-16%on 00 basicof rawmaterialkeepingsulphidityat20 %. The chemicalusedfor cookingwas
NaOH andNa2S. Separateexperimentswerealso conductedfor optimizationof temperatureandtimeof
cookingfor each individualplantspecies.Aftercookingthe pulpswerewashedthoroughlywithdeionised
waterandairdriedandtheunbleachedpulpyieldwas determined.The cookingchemicalrequirementoget
higherpulpyieldforeach individualis representedin Figure1.
The bleachingof thepulpswasdonebytwostepshypochloritewithan intermediatealkaliextraction(H-
E-H) sequence.Thebrightnessof thepulpsweredeterminedbyusinganElL Reflectancespectrometerand




Properties c. A.allughas H. I H.
dichotoma esculentus sabdariffa
Solubilityin %
Coldwater 2.98 10.4 4.7 3.95
Hotwater 6.93 13.2 7.6 7.2
1% NaOH 33.1 39.4 22.6 23.75
Alcoholbenzene 3.45 7.3 10.2 4.82
Pantosan % 15.8 15.3 17.6 16.5
Lignin % 20.2 13.5 14.6 17.5





Ash content% 5.7 5.1 0.92 1.15



















































































Table4 : Morphologicalpropertiesof pulp fibre
Scanningelectronmicroscopicstudy
Disintegratedpulpfibressamplesweremountedonspecimenholderwiththehelpofelectroconductive
tap.The fibresampleswerecoatedwithgoldin an ionsputter(ZFC 100Zeol Japan) in lowvacuumwitha
layer150to200nm.The observationsweremadeintheelectronmicroscopeatan acceleratingpotentialof
15K V. Micrographsweretakenat thispotential.(Figure2).
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Properties c. A. allughas H. H.
dichotoma esculentus sabdariffa
Fibrelength,(L) mm Range 2.10-0.27 2.80-0.42 3.25-0.40 3.70-0.45
Average 1.20 1.25 1.45 1.58
Fibrewidth,(D) (m) Range 21-17 22-17 22-18 25-12.5
Average 20 22 22 22
Cellwallthickness, Range 3.25-5.00 5.2-3 5.25-3.50 5.00-3.50
(W), m Average 4.90 3.75 3.85 4.20
Lumendiameter,(d) Range 7.80-17.5 16.5-6.8 17.5-7.5 17.10-8.50
m Average 17 15.2 15.0 15.50
Slendernessratio,LID 60 56.8 .65.9 63.20
Runkelratio,2 WId 0.47 0.49 0.51 0.54
FlexibilityCo-efficient, 85 69.1 69.0 70.45
(dIDx 100)
Ratiooftwicecellwall 0.40 0.34 0.35 0.38
thicknesstofibre
diameter
Ratioof twicecellwall 0.40 0.34 0.27 0.27
thicknesstofibre width
Shapefactor 0.16 0.35 0.53 0.33
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Themorphologicalcharactersuch as plantheight,diameter,core diameteretc.of differentplantsas
givenin Table 1 showedthatthoughthe plantswere of differentheighttherewas not muchvariationin
diameterexceptH. sabdariffaplant(1.8cm).Thedifferentconstituentsof plantswerevariedfromspeciesto
species.A. allughasconstitute45% of sheath,45% of core and 10% of leaves. So also, C. dichotoma
consistsof 79.5% of centralcore and 20.5% leavesand twigs.The morphologicaldata recordedfor H.
esculentusandH.sabdariffashowed50-60%ofwood,15-20%barksand20-25%leavesandtwigsrespectively.
Table2 showstheproximatechemicalconstituentsoftheplants.Importantplantconstituentslikecellulose
contentwererecoded61.0%and62.0%respectivelyfor H. esculentusand H. sabdariffawhile53.8%and












notshow muchvariationamongthespecies,theaveragecell wall thickness(W) variedfrom3.75jJm (A.
allughas)to 4.90 jJm (C. dichotoma),lumendiameter(d) from 15.0 jJm (H. esculentus)to 17.0jJm(C.
dichotoma).Thusrunkelratio(2W/d)andshapefactor(D2-d2/D2+d2)variesfrom0.47(C. dichotoma)to0.54




Plant material Pulp Bulk Burst Tear Tensile DF nos
used density index index index (doublefold)
Cc/g kpam2/g mNm2/g N/mg
C. dichbtoma U8 t> 1.55 3.95 11.5 58.7 340+
81 1.43 3.35 7.8 47.6 125+
A. allughas U8 1.45 4.81 10.3 64.2 450+
.81 1.37 3.80 6.4 39.8 150+
H.esculentus U8 1.47 4.90 11.77 63.26 325+,
81 1.39 3.73 6.37 . 48.7 120+
H. sabdariffa U8 1.52 5.09 10.5 62.03 425+
81 1.38 4.20 8.80 42.17 250+
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dependupontheseproperties.The resultsof themorphologicalcharacteristicsshowthatall thefourplants
speciesaresuitablefor papermaking.
Fig 2 shows the scanningelectronmicrographof the pulpfibres of Clynogynaedichotoma,Alpinea
allughas,HibiscusesculentusandHibiscussabdariffa.The fibresof C. dichotomaareflatwithoccasional
cracks.Twotypesof fibresviz.maturedfibreswherefibrilsareseenandtheimmaturedfibreswherefibrilsare
notvisible.A. allughasfibresaresolidrodlikewithsomenodesandinternodes.Twotypesof fibresi.e.thin
andthickfibres wherefibrilsare notdistinctlyvisible.H. esculentusfibresare flat, rosettelike, pointedat
boththeend.All thefibresareof similartypeswhereno fibrilsaredistinctlyvisible.A fewoccasionalpores
arealso seen in thefibres.Fibresof H. sabdariffaare flatribbonshapedandlargerin diameter.Fibresare
wavywithdistinctporesandoccasionalcracks in theentirelengthof fibres.
The physicalstrengthpropertiesof papersheetsmadefromunbleachedandbleachedpulpareshownin
Table5.The dateobtainedfor bulkdensities(1.45-1.55Cc/g),burstindex(3.95-5.09KPa m2/g),tearindex
(10.3-11.77mNm2/g),tensileindex58.7-64.2N/mg)anddoublefoldno.s(325+- 450+)of unbleachedpaper
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